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Fig 6

Providing a Silicon substrate with a first surface | -1
and a second surface opposite thereto

Depositing a layer of Boron on top
of the first surface such 63

that in said Silicon substrate a
layer of BxSi is formed

Partly covering the layer of Boron with a first
contact layer comprising a metal such that
first regions and second regions are formed,
wherein the layer of Boron is covered with
the first contact layer in the first regions and
remains exposed in the second regions

Covering the layer of Boron in the second 57
regions with an insulation layer
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Depositing a second contact
layer comprising a metal

on top of the second surface ”

of the Silicon substrate
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RADIATION DETECTOR, METHOD OF
MANUFACTURING A RADIATION
DETECTOR AND LITHOGRAPHIC

APPARATUS COMPRISING A RADIATION
DETECTOR

FIELD

The present invention relates to a radiation detector, a
method of manufacturing a radiation detector, and a litho-
graphic apparatus comprising a radiation detector.

BACKGROUND

A lIithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which 1s alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g., compris-
ing part of, one, or several dies) on a substrate (e.g., a Silicon
waler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
ol adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, 1n
which each target portion 1s irradiated by exposing an entire
pattern onto the target portion at one time, and so-called
scanners, 1n which each target portion 1s irradiated by scan-
ning the pattern through a radiation beam in a grven direction
(the “scanming”-direction) while synchronously scanning the
substrate parallel or ant1 parallel to this direction. It 1s also
possible to transier the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

In device manufacturing methods using lithographic appa-
ratus, an important factor 1s the yield, 1.e., the percentage of
correctly manufactured devices, 1s the accuracy within which
layers are printed in relation to layers that have previously
been formed. This 1s known as overlay and the overlay error
budget will often be 10 nm or less. To achieve such accuracy,
the substrate must be aligned to the reticle pattern to be
transterred with great accuracy.

A number of sensors 1s used at substrate level for evaluat-
ing and optimizing 1maging performance. These may include
transmission 1mage sensors (T1S). A TIS 1s a sensor that 1s
used to measure at substrate level the position of a projected
aerial 1image of a mark pattern at mask (reticle) level. The
projected 1mage at substrate level may be a line pattern with
a line width comparable to the wavelength of the exposure
radiation. The TIS measures atorementioned mark pattern
using a transmission pattern with a photocell, 1.¢., a radiation
detector, underneath it. The sensor data may be used to mea-
sure the position of the reticle with respect to the substrate
table 1n six degrees of freedom, 1.e., three degrees of freedom
related to translation and three degrees of freedom related to
rotation. Moreover, magnification and scaling of the pro-
jected mark pattern may be measured.

At wavelengths between 10-200 nm, the radiation-sensi-
tive surface of the radiation detector of a conventional TIS
deteriorates within a limited time frame. As a result, the TIS
has a limited lifetime.

With the continual desire to image ever smaller patterns to
create device with higher component densities, there 1s pres-
sure to reduce the wavelengths used. In order to maintain or
reduce overlay errors, there 1s a desire for a more robust TIS.
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2
SUMMARY

The mventors have determined that 1t may be desirable to
provide a radiation detector at substrate level with high sen-
sitivity that can be used to detect radiation with wavelengths
between 10-200 nm with an improved lifetime over radiation
detectors according to the prior art.

To thatend, the invention provides a radiation detector. The
radiation detector has a radiation sensitive surface. The radia-
tion-sensitive surface 1s sensitive for radiation with a wave-
length between 10-200 nm. The radiation detector comprises
a silicon substrate, a dopant layer, a first electrode and a
second electrode. The silicon substrate 1s provided 1n a sur-
face area at a first surface side with a doping profile of a
certain conduction type. The dopant layer 1s provided on the
first surface side of the silicon substrate. The dopant layer
comprises a first layer of dopant material and a second layer.
The second layer 1s a diffusion layer which 1s in contact with
the surface area at the first surface side of the silicon substrate.
The first electrode 1s connected to the dopant layer. The sec-
ond electrode 1s connected to the silicon substrate. The sur-
face area at the first surface side of the Silicon substrate and
the second layer are arranged to form the radiation-sensitive
surface.

Additionally, 1n an embodiment, the ivention provides a
method of manufacturing a radiation detector. The method
comprises: providing a silicon substrate with a first surface
side and a second surface side opposite thereto, depositing a
layer of dopant material on top of the first surface of the
s1licon substrate such that in the silicon substrate a diffusion
layer 1s formed, partly covering the layer of dopant material
with a first contact layer comprising a metallic material such
that first regions and second regions are formed, wherein the
layer of dopant material 1s covered with the first contact layer
in the first regions and remains exposed 1n the second regions,
depositing a second contact layer comprising a metallic mate-
rial at the second surface side of the silicon substrate.

Finally, an embodiment of the invention provides a litho-
graphic apparatus comprising an 1llumination system, a sup-
port structure, a substrate holder, a projection system, and a
radiation detector as described above. The 1llumination sys-
tem 1s configured to provide a beam of radiation. The support
structure 1s configured to support a patterning device that
serves to impart the beam of radiation with a pattern 1n 1ts
cross-section. The substrate holder i1s configured to hold a
substrate 1n a substrate plane. The projection system 1s con-
figured to expose the patterned beam on the substrate. The
radiation detector 1s substantially positioned in the substrate
plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention will now be described, by
way ol example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIG. 2 schematically depicts an arrangement of the sub-
strate table depicted 1n the lithographic apparatus of FIG. 1;

FIG. 3 schematically depicts a cross-sectional view of a
radiation detector according to an embodiment of the inven-
tion;

FIG. 4 schematically depicts an elevated side view of the
embodiment of the radiation detector depicted 1n FIG. 3;

FIG. 5 schematically depicts an assembly of radiation
detectors; and
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FIG. 6 schematically depicts a flow diagram of a method of
manufacturing an embodiment of a radiation detector accord-
ing to the mvention.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
includes an i1llumination system (1lluminator) IL configured
to condition a radiation beam B (e.g. UV radiation or EUV
radiation), a support structure (e.g., a mask table) MT con-
structed to support a patterning device (e.g., a mask) MA and
connected to a first positioner PM configured to accurately
position the patterning device in accordance with certain
parameters, a substrate table (e.g., a waler table) WT con-
structed to hold a substrate (e.g., a resist coated waler) W and
connected to a second positioner PW configured to accurately
position the substrate 1n accordance with certain parameters,
and a projection system (e.g., a refractive projection lens
system) PS configured to project a pattern imparted to the
radiation beam B by patterning device MA onto a target
portion C (e.g., comprising one or more dies) of the substrate
W.

The illumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The support structure supports, 1.e., bears the weight of, the
patterning device. It holds the patterning device 1n a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device 1s
held 1n a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping tech-
niques to hold the patterning device. The support structure
may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that
the patterning device 1s at a desired position, for example with
respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous
with the more general term “patterming device.”

The term “patterning device” used heremn should be
broadly interpreted as referring to any device that can be used
to impart a radiation beam with a pattern 1n its cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example 1f the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being
created 1n the target portion, such as an mtegrated circuit.

The patterning device may be transmissive or retflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shiit, and attenuated phase-shiit, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam 1n different directions.
The tilted mirrors impart a pattern in a radiation beam which
1s retlected by the mirror matrix.

The term “projection system”™ used herein should be
broadly mterpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
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netic, electromagnetic and electrostatic optical systems, or
any combination thereol, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system.”

As here depicted, the apparatus 1s of a transmissive type
(e.g., employing a transmissive mask). Alternatively, the
apparatus may be of a reflective type (e.g., employing a pro-
grammable mirror array of a type as referred to above, or
employing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at
least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g., water, so as to
{11l a space between the projection system and the substrate.
An immersion liquid may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well
known 1n the art for increasing the numerical aperture of
projection systems. The term “immersion” as used herein
does not mean that a structure, such as a substrate, must be
submerged 1n liquid, but rather only means that liquid 1s
located between the projection system and the substrate dur-
Ing exposure.

Referring to FIG. 1, the illuminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities, for example when
the source 1s an excimer laser. In such cases, the source 1s not
considered to form part of the lithographic apparatus and the
radiation beam 1s passed from the source SO to the i1llumina-
tor IL with the aid of a beam delivery system BD comprising,
for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source 1s a
mercury lamp. The source SO and the i1lluminator IL, together
with the beam delivery system BD i1f required, may be
referred to as a radiation system.

The i1lluminator IL may comprise an adjuster AD for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
ol the intensity distribution 1n a pupil plane of the illuminator
can be adjusted. In addition, the 1lluminator IL. may comprise
various other components, such as an integrator IN and a
condenser CO. The 1lluminator may be used to condition the
radiation beam, to have a desired umiformity and intensity
distribution 1n 1ts cross section.

The radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the support structure (e.g.,
mask table MT), and 1s patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes
through the projection system PS, which focuses the beam
onto a target portion C of the substrate W. With the aid of the
second positioner PW and position sensor IF (e.g., an inter-
ferometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g., so as to
position different target portions C in the path of the radiation
beam B. Similarly, the first positioner PM and another posi-
tion sensor (which 1s not explicitly depicted in FI1G. 1) can be
used to accurately position the mask MA with respect to the
path of the radiation beam B, e.g., alter mechanical retrieval
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from a mask library, or during a scan. In general, movement of
the mask table MT may be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module
({ine positioning ), which form part of the first positioner PM.
Similarly, movement of the substrate table WT may be real-
1zed using a long-stroke module and a short-stroke module,
which form part of the second positioner PW. In the case of a
stepper (as opposed to a scanner) the mask table MT may be
connected to a short-stroke actuator only, or may be fixed.
Mask MA and substrate W may be aligned using mask align-
ment marks M1, M2 and substrate alignment marks P1, P2.
Although the substrate alignment marks as 1llustrated occupy
dedicated target portions, they may be located in spaces
between target portions (these are known as scribe-lane align-
ment marks). Similarly, i situations 1n which more than one
die 1s provided on the mask MA, the mask alignment marks
may be located between the dies.

The depicted apparatus could be used 1n at least one of the
following modes:

1. In step mode, the mask table MT and the substrate table
WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam 1s projected onto a target
portion C at one time (1.¢., a single static exposure). The
substrate table W 1s then shifted 1n the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limaits the size
of the target portion C 1maged 1n a single static exposure.

2. In scan mode, the mask table M'T and the substrate table
WT are scanned synchronously while a pattern imparted to
the radiation beam 1s projected onto a target portion C (1.€., a
single dynamic exposure). The velocity and direction of the
substrate table WT relative to the mask table MT may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the
maximum size ol the exposure field limits the width (in the
non-scanning direction) of the target portion 1 a single
dynamic exposure, whereas the length of the scanning motion
determines the height (in the scanning direction) of the target
portion.

3. In another mode, the mask table MT 1s kept essentially
stationary holding a programmable patterning device, and the
substrate table WT 1s moved or scanned while a pattern
imparted to the radiation beam 1s projected onto a target
portion C. In this mode, generally a pulsed radiation source 1s
employed and the programmable patterning device 1s updated
as required after each movement of the substrate table WT or
in between successive radiation pulses during a scan. This
mode of operation can be readily applied to maskless lithog-
raphy that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.

Combinations and/or varnations on the above described
modes of use or entirely different modes of use may also be
employed.

FIG. 2 schematically depicts an arrangement of the sub-

strate table W'T depicted in the lithographic apparatus of FIG.
1. On the substrate table WT, two fixed marks TIS1 and TIS2

are provided. The fixed markers TIS1 and TIS2 have inte-
grated into them an 1mage sensor that can be used to deter-
mine a location of an aerial image of an object mark on the
mask MA by scanning the image sensor through the aerial
image. The 1mage sensor 1s substantially positioned in the
substrate plane, 1.e., the plane 1n which substrate W 1s located
if positioned on the substrate table WT. Consequently, the
relative position of the image of the object mark on the mask
MA and the fixed marks TIS1, TIS2 can be determined. If the
substrate table WT 1s provided with a substrate W comprising
substrate marks, e.g., substrate marks P1, P2, P3, P4 as
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depicted 1n FIG. 2, an alignment sensor (not shown) may
previously obtain relative positions of the substrate marks P1,
P2, P3, P4. The knowledge of the relative positions of the
substrate marks P1, P2, P3, P4 obtained by the alignment
sensor combined with the knowledge of the relative position
of the image of the object mark on the mask M A and the fixed
marks TIS1, TIS2 measured by the image sensors within
TIS1, TIS2, allow the substrate W to be positioned at any
desired position relative to the projected image of the mask
MA with great accuracy.

FIG. 3 schematically depicts a cross-sectional view of a
radiation detector 1, e.g., TIS1 or TIS2 1n FIG. 2, or at least
part thereol, according to an embodiment of the invention.
The radiation detector 1 comprises a silicon (S1) substrate 3,
hereinafter referred to as Si-substrate 3. In at least a surface
arca 10 of the Si-substrate 3, the Si-substrate 3 1s provided
with doping profile of a certain conduction type. That 1s, the
doping profile may be of a conduction type 1 which the
conduction takes place by means of electrons, 1.¢., n-type
conduction, or of a conduction type 1n which the conduction
takes place by means of holes, 1.e., p-type conduction.

On top of the radiation-sensitive surface of the radiation
detector, a dopant layer 5 1s provided. In case the doping
profile within the surface area 10 of the Si-substrate 3 relates
to n-type conduction, dopant layer 3 1s an acceptor layer. In
case the doping profile within the surface area 10 of the
Si-substrate 3 relates to p-type conduction, the dopant layer 5
1s a donor layer.

The radiation detector turther comprises two electrodes,
1.€., a first electrode 7 and a second electrode 9. The dopant
layer 5 may be covered by an 1solation layer 11.

The first electrode 7 1s connected to the dopant layer 5. The
first electrode 7 may partly cover the dopant layer 5, as
depicted 1n FIG. 3. This partial overlap ensures a proper
connection between the first electrode 7 and the dopant layer
5. As the contact between the first electrode 7 and the dopant
layer 5 1s larger in size due to the overlap, charge may be
removed within a shorter period of time, which may increase
the speed in which the radiation detector 1 reacts to short
radiation pulses. The first electrode 7 may comprise one or
more metallic materials or may be formed from metallic
stacks 1including metallic materials like aluminum (Al), tita-
nium nitride (T1N), titanium (11), gold (Au), nickel (N1) and
chrome (Cr).

The second electrode 9 1s connected to the Si-substrate 3.
The connection may be made with a second surface side of the
Si-substrate 3, the second surface side being opposite to the
first surface side as 1s depicted in FIG. 3. A connection as
depicted 1n FIG. 3 between the second surface side of the
Si-substrate 3 and the second electrode 9 ensures a homoge-
neous intluence of the second electrode 9. Also the second
clectrode 9 may comprise one or more metallic materials or
may be formed from a metallic stack including metallic mate-
rials like Al, TiN, T1, Au, N1 and Cr.

The dopant layer 5 comprises two layers; a first layer Sa of
dopant material and a second layer 556 which 1s a diffusion
layer. In an embodiment, the dopant material 1s an acceptor
matenal, like boron (B), galllum (Ga), aluminum (Al) or
indium (In). Alternatively, the dopant material may be a donor
material like phosphorus (P), arsenic (As) or antimony (Sb).

Embodiments of the invention will further be described
with reference to boron as acceptor material. In this case, the
second layer 5b 1s a layer of a B_S1,_ -compound, 1.e., boron
(B) encompassed 1n a silicon structure as suitable under the
circumstances, X being a value between zero and one.

In an embodiment, the first layer Sa of boron has a thick-
ness of 2-20 nm. As the transparency of the first layer 5a for
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radiation with wavelengths between 10-200 nm 1s not 100%,
the first layer Sa 1s kept relatively thin to ensure a high
sensitivity.

In an embodiment especially suitable for radiation with
wavelengths between 150-200 nm, the second layer 36 of a
B_S1,_ -compound has a thickness of 1-10 nm. This thickness
1s suilicient to provide a charge response which, due to afore-
mentioned thickness of the second layer 55, may be trans-
ported without undue delays away via the first electrode. In an
embodiment, especially suitable for radiation with wave-
lengths between 10-150 nm, the second layer 56 of B_S1,
has a thickness of 50-1000 nm.

In an embodiment, the Si-substrate 3 comprises an epi-
taxial layer of crystalline silicon. In this case, the acceptor
layer 5 has been provided on a surface of aforementioned
epitaxial layer.

Due to the n-type semiconductor doping profile in at least
the surface area 10 of the Si-substrate 3, deposition of the first
layer 5a of boron causes development of a pn-junction
between the surface area of the Si-substrate 3 and a develop-
ing diffusion layer 56 of a B_S1,_ -compound. The n-type
semiconductor doping profile 1n at least the surface area and
the diffusion layer are so arranged as to form a radiation-
sensitive surface of the radiation detector. The radiation-sen-
sitive surface 1s sensitive for radiation with a wavelength
between 10-200 nm. In use, the radiation-sensitive surface,
1.e., the surface area of the Si-substrate 3 and the diffusion
layer 55, 1s at least partly depleted which makes the surface
sensitive to alorementioned radiation.

The boron layer 5a and B_Si, -compound layer 355
improve hardness, 1.e., the ability to withstand degradation, of
the radiation detector 1 while they, when their thickness 1s
suificiently chosen, are suiliciently transparent with respect
to the radiation of interest, 1.¢., wavelengths between 10 and
200 nm.

In an embodiment, the second layer 556 comprises 2 sub-
layers, 1.¢., a first sub-layer of mono-crystalline B,S1,_, and a
second sub-layer of non-monocrystalline B S1,__ .

The first sub-layer of mono-crystalline B_S1, __1s an impor-
tant layer with respect to transier of charge from the radiation-
sensitive surface of the Si-substrate 3 and the first electrode 7.

The second sub-layer of non-monocrystalline B_S1,_, 1s
located between the first sub-layer and the first layer of boron
5a. The second sub-layer has high sheet resistance but is
conductive. The presence of the first layer and the second
sub-layer of non-monocrystalline B_S1,__ suppresses electron
injection from Si-substrate 3. Consequently, the transition
between the second layer of B, S1,__ 56 and the Si-substrate 3
1s junction-like. The second sub-layer of non-monocrystal-
line B_S1,__may have a thickness of 0-2 nm. Thus, aforemen-
tioned variation 1n thickness of second layer 56 of B_S1,__1s,
in case alorementioned two sub-layers are present, mainly
due to variation 1n thickness of the first sub-layer of crystal-
line B _S1,__.

FIG. 4 schematically depicts an elevated side view of the
embodiment of the radiation detector depicted in FIG. 3.
From FIG. 4, it can be seen that the first electrode 7 may be
configured as a conductive grid. A conductive grid as depicted
in F1G. 4 enables an increased charge removal velocity. As the
boron layer 1s semi-metallic and the B_S1,_._ has high sheet
resistance, the read-out speed, which 1s correlated with the
charge removal velocity, becomes slower i1 the sheet resis-
tance of the B_S1,_ -layer increases. The resistance depends
on the distance between the electrode and the location 1n the
B_Si1,_ -layer where a charge 1s induced. The conductive grnid
limits the maximum value of aforementioned distance. In
order to ensure an eflicient charge removal, the conductive
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orid may be circumvented by a conducting ring-shaped elec-
trode (not shown 1n FIG. 4), which may be located outside the
area covered by the radiation-sensitive surface of the radia-
tion detector 1.

The conductive grid forms grid cells. Typical areas of gnid
cells are 5x5, 10x10 and 20x20 um*. A typical width of the
conductive tracks in the conductive grid 1s 1.0-1.5 um. In an
embodiment, the conductive grid structure comprises alumi-
num. Aluminum 1s a conductive material that may be used in
cleanroom environments without additional conditions
regarding restricted use.

Theradiation-sensitive surface of radiation detector 1 com-
prises first regions 12 and second regions 13. In the first
regions 12, the first layer 3a, 1.e., the layer of Boron, 1s
connected to the first electrode 7. In the second regions 13, the
first layer 5a, 1.e., the layer of Boron, 1s covered with an
1solation layer 11. The 1solation layer 11 1s substantially
transparent for radiation with a wavelength between 10-200
nm. In an embodiment, the second regions 13 have a cumu-
lative surface area of 10-25 mm".

The 1solation layer 11 may be silicon-oxide (S10,), e.g.
provided by means of some type of chemical vapor deposition
(CVD) like plasma enhanced CVD or low pressure CVD as
will be understood by a person skilled 1n the art. It must be
understood that the 1solation layer 11 1s an optional layer.
Process flows exist to provide a metallic grid without use of
1solation layer, e.g., an oxide layer.

FIG. 5§ schematically depicts an assembly of radiation
detectors according to embodiments of the invention, e.g., the
embodiment of a radiation detector 1 as depicted in FIGS. 3
and 4. In the assembly shown 1n FIG. 5, an embodiment of a
radiation detector 1 1s used 1n which the conductive grid 7 1s
connected with an outer ring-shaped electrode 15 as dis-
cussed with reference to FIG. 4. The first electrodes 7 of the
respective radiation detectors 1a-d may be controlled by con-
necting the first electrodes of the respective radiation detec-
tors 1a-d with a corresponding bond pad, e.g., one of bond
pads 19. In an embodiment, metal tracks from the first elec-
trodes towards a corresponding bond pad are used for this
purpose. The second electrode of the respective detectors
1a-d 1s common and may be connected by directly contacting,
directly the second electrode 9.

The assembly of radiation detectors, 1n FIG. 5 four radia-
tion detectors 1a-d arranged 1n a symmetric order, 1s suitable
for measuring radiation provided at different 1llumination
settings, ¢.g., annular i1llumination, dipole 1llumination and
quadrupole illumination.

FIG. 6 schematically depicts a flow diagram of a method of
manufacturing an embodiment of a radiation detector accord-
ing to the mvention.

First, in action 61, a silicon (S1) substrate 1s provided. The
S1 substrate has a first surface and a second surface opposite
thereto.

Subsequently, in action 63, alayer of boron (B)1s deposited
on top of the first surface. Aforementioned deposition 1s per-
formed such that in said S1 substrate a layer of B_S1,__ 1s
formed. Optimal formation takes place at locations where no
oxide 1s present. In order to ensure an oxide-iree surface,
ctching of an oxide layer to the Si-substrate surface before
alorementioned deposition may be performed.

Subsequently, 1n action 65, the layer of B 1s partly covered
with a first contact layer comprising a metal, €.g., an electrode
7 or conductive grid as schematically depicted in FIGS. 3 and
4. As a result of the partly covering, first regions and second
regions are formed. The layer of B 1s covered with the first
contact layer in the first regions, e.g., the regions where the
conductive grid as depicted in FIGS. 4 and 5 1s located. The
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layer of B remains exposed 1n the second regions, e€.g., 1n the
or1d cells discussed with reference to FIG. 4.

Subsequently, 1n action 67, the layer of B 1n aloremen-
tioned second regions 1s covered with an insulation layer. The
1solation layer may be silicon-oxide (S10,). The layer may be
provided by means of some type of chemical vapor deposition
(CVD) like plasma enhanced CVD or low pressure CVD as
will be understood by a person skilled 1n the art.

Finally, 1n action 69, a second contact layer comprising a
metal 1s deposited on top of the second surface of the Si-
substrate.

Embodiments of the radiation detector may be used in
many applications. Possible applications include use as an
energy sensor, a spot sensor, and a slit sensor of a high volume
EUYV lithographic apparatus.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LCDs), thin film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms ““substrate” or “target portion,”
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, 1t will be appreciated that the invention
may be used 1n other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a
layer of resist supplied to the substrate whereupon the resistis
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n 1t after the resist 1s cured.

The terms “radiation” and “beam™ used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g., having a wavelength of or about 363,
3535, 248, 193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g., having a wavelength in the range of
5-20 nm), as well as particle beams, such as ion beams or
clectron beams.

The term “lens”, where the context allows, may refer to any
one or combination of various types ol optical components,
including refractive, retlective, magnetic, electromagnetic
and electrostatic optical components.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
invention may take the form of a computer program contain-
ing one or more sequences of machine-readable mstructions
describing a method as disclosed above, or a data storage
medium (e.g., semiconductor memory, magnetic or optical
disk) having such a computer program stored therein.
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The descriptions above are intended to be illustrative, not
limiting. Thus, 1t will be apparent to one skilled 1n the art that
modifications may be made to the mmvention as described
without departing from the scope of the claims set out below.

The invention claimed 1s:

1. A radiation detector having a radiation sensitive surface,
said radiation-sensitive surface being sensitive for radiation
with a wavelength between 10-200 nm, said radiation detec-
tor comprising:

a silicon substrate having a surface area at a {first surface

side with a doping profile of a certain conduction type;

a dopant layer provided on said first surface side of said

silicon substrate, said dopant layer comprising a first
layer of dopant material and a second layer, said second
layer being a diffusion layer which 1s 1n contact with said
surface area at said first surface side of the silicon sub-
strate;

a first electrode connected to said dopant layer;

a second electrode connected to said silicon substrate;

wherein said surface area at said first surface side of the

s1licon substrate and said second layer are arranged to
form said radiation sensitive surface.

2. A radiation detector according to claim 1, wherein said
certain conduction type 1s p-type conduction and said dopant
material 1s a donor material.

3. A radiation detector according to claim 2, wherein said
donor material comprises an element of a group of elements
consisting of phosphorus, arsenic and antimony.

4. A radiation detector according to claim 1, wherein said
certain conduction type 1s n-type conduction and said dopant
material 1s an acceptor material.

5. A radiation detector according to claim 4, wherein said
acceptor material comprises an element of a group of ele-
ments consisting of boron, gallium, aluminum and indium.

6. A radiation detector according to claim 4, wherein said
first layer 1s a layer of Boron and said second layer 1s a layer
of a B,S1,_, compound, x having a value between zero and
one.

7. A radiation detector according to claim 6, wherein said
second layer has a thickness of 1-10 nm.

8. A radiation detector according to claim 6, wherein said
second layer has a thickness of 50-1000 nm.

9. A radiation detector according to claim 6, wherein said
first layer has a thickness of 2-20 nm.

10. A radiation detector according to claim 1, wherein said
silicon substrate comprises an epitaxial layer of crystalline
s1licon, and wherein the dopant layer has been provided on a
surface of said epitaxial layer.

11. A radiation detector according to claim 1, wherein the
first electrode partly covers said first layer of dopant materal.

12. A radiation detector according to claim 11, wherein the
first electrode 1s configured as a conductive grid.

13. A radiation detector according to claim 1, wherein the
first electrode comprises one or more metallic materials
selected from a group consisting of aluminum, titanium
nitride, titantum, gold, nickel and chrome.

14. A radiation detector according to claim 1, wherein said
s1licon substrate turther has a second surface side opposite to
said first surface side and the second electrode 1s connected
with said second surface side.

15. A radiation detector according to claim 1, wherein said
radiation detector has a detector surface comprising first
regions and second regions, said {irst regions being regions
where said first layer 1s connected to said first electrode, and
said second regions being regions where said first layer 1s
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covered with an 1solation layer, said isolation layer being
substantially transparent for said radiation.

16. A radiation detector according to claim 135, wherein
said second regions have a cumulative surface area of 10-25

Illlllz.

17. A method of manufacturing a radiation detector com-
prising;:

providing a silicon substrate with a first surface side and a

second surface side opposite thereto, wherein said sili-

con substrate has a surface area at said first surftace side
with a doping profile of a certain conduction type;

depositing a layer of dopant material on top of the first
surface of said silicon substrate such that 1n said silicon
substrate a diffusion layer 1s formed;

partly covering said layer of dopant material with a first

contact layer comprising a metallic material such that
first regions and second regions are formed, wherein the
layer of dopant material 1s covered with said first contact
layer 1n said first regions and remains exposed 1n said
second regions;

depositing a second contact layer comprising a metallic
material at said second surface side of said silicon sub-
strate.

18. A method according to claim 17, wherein the method
alter partly covering said layer of dopant material with a first
contact layer further comprises covering said layer of dopant
material 1 said second regions with an insulation layer, said
insulation layer being substantially transparent for radiation
with a wavelength between 10-200 nm.
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19. A lithographic apparatus comprising:

an 1llumination system configured to provide a beam of
radiation;

a support structure configured to support a patterning
device that serves to impart said beam of radiation with
a pattern 1n its cross-section;

a substrate holder configured to hold a substrate 1n a sub-
strate plane;

a projection system configured to expose said patterned
beam on said substrate;

wherein said lithographic apparatus further comprises a
radiation detector according to a radiation detector hav-
ing a radiation sensitive surtace, said radiation-sensitive
surface being sensitive for radiation with a wavelength
between 10-200 nm, said radiation detector comprising;:

a silicon substrate having a surface area at a first surface
side with a doping profile of a certain conduction type;

a dopant layer provided on said first surface side of said
silicon substrate, said dopant layer comprising a first
layer of dopant material and a second layer, said second
layer being a diffusion layer which 1s 1n contact with said
surface area at said first surface side of the silicon sub-
strate;

a first electrode connected to said dopant layer;

a second electrode connected to said silicon substrate:

wherein said surface area at said first surface side of the
s1licon substrate and said second layer are arranged to
form said radiation sensitive surface substantially posi-
tioned 1n said substrate plane.
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